Infection of mice with a temperature-sensitive mutant of Salmonella typhimurium CSTS allowed the survival of genetically susceptible mice. The ability to mount a delayed-type hypersensitivity (DTH) response to sheep erythrocytes during infection with C5TS was studied in various inbred mouse strains, recombinant inbred strains derived from C57BL/6 (susceptible) and A/J (resistant) mice, and C3H congenic mice. Suppression of the DTH response to sheep erythrocytes was found in mice that carried the ItyS allele, the H-2b haplotype, or both. These genes are known to increase susceptibility to S. typhimurium infection. In contrast, no DTH response suppression was observed in mouse strains that carried other genes that increased susceptibility to S.
typhimurium, e.g., DBA/2 and C3H/HeJ. Apart from a transient suppression in A/J mice, the DTH responses of resistant mice (A/J and CBA) were normal or increased. The DTH response to sheep erythrocytes could be restored in immunodepressed mice by increasing the immunizing dose, suggesting the possible role of activated macrophages in depression of the DTH response.
Natural resistance of mice to Salmonella typhimurium infection is regulated by several genes. The Ity gene controls the early phase of the infection (5, 23) . The susceptibility allele ItyS is present in C57BL/6 and BALB/c mice. The Ity gene controls the net growth rate of virulent strains of S. typhimurium (5) . Yet the growth of some strains with low virulence (2) and the survival of temperature-sensitive mutants of S. typhimurium (7, 24) are not affected by the gene. Results of in vitro studies have shown that the Ity gene is expressed by the macrophages (4, 14, 26) . The mechanism of action of the Ity gene is unknown. Its action is not dependent on the activation of macrophages by T cells (1, 18) or by lipopolysaccharide (1) . Whether Ity modulates the rate of bacterial growth (1, 7) or bacterial killing (14, 26) remains controversial. Susceptibility to S. typhimurium is also increased in C3H/HeJ and CBA/N mice that carry the Lpsd or the Xid genes, respectively (19, 20) . Moreover, a gene linked to the major histocompatibility complex (6) and another gene present in DBA/2 and C57L mice (21) increase the susceptibility of mice to S. typhimurium in the late phase of the infection.
S. typhimurium infection can induce immunodepression in some mouse strains. Depression of the proliferative response to B and T mitogens has been described in C3H (13) and C57BL/6 (3) mice. In this investigation we show that S. typhimurium infection can induce a depression of the delayed-type hypersensitivity (DTH) response to sheep erythrocytes and that this immunodepression appears to be associated with some of the genes that are known to increase susceptibility to S. typhimurium (Itys and H-2b). The nonspecific responses of unimmunized animals were below 0.10 mm.
Enumeration of bacteria in the spleen. The spleen of each mouse was removed 21 days after infection and homogenized in 2 ml of distilled water with a motor-driven Teflon (E. I. du Pont de Nemours & Co., Inc., Wilmington, Del.) pestel. Portions of 10-fold serial dilutions in saline were plated in tryptic soy agar. Colonies were counted after a 24 h of incubation at 30°C.
Statistical analysis. The statistical significance (P < 0.05) of differences among the various groups of mice were evaluated by Student's unpaired t test. and AXB-7) had normal responses, and the responses of the three other strains were moderately but significantly (P < 0.05) depressed. Two of these strains (AXB-4 and BXA-8) were H-26.
The results reported in Table 1 indicate that the DTH response to sheep erythrocytes was significantly (P < 0.01) depressed in C3H.B1O (H-2b) mice, whereas the response was unaffected in C3H/HeJ (H-2k) mice.
Relationship between DTH response suppression and bacterial spleen counts. During the first week of infection with C5TS, spleen counts are similar in various mouse strains (7, 16 ), but differences in the rate of clearance occur later (16) . The results of spleen counts and spleen weights determined in various mouse strains 21 days after the inoculation of 106 C5TS are shown in Table 2 . The highest spleen counts were present in C57BL/6 and AXB-6 mice, and the highest spleen weights were found in C57BL/6 and AXB-1 mice. These mouse strains exhibited a strong depression of the DTH response to sheep erythrocytes. However, other mouse strains such as BALB/c, (C57BL/6 x DBA/2)F1, and BXA-6 were also suppressed, although their spleen counts and spleen weights were similar to those of mouse strains that exhibited normal DTH responses to sheep erythrocytes. Moreover, by varying the dose of bacteria injected, we showed that the inoculation of 104 C5TS induced a significant depression of the DTH response in C57BL/6 mice, whereas the response of DBA/2 mice was not modified by 107 bacteria (Table 3) .
Effect of the immunizing dose on DTH response to sheep erythrocytes in C57BL/6 mice. When the immunizing dose of sheep erythrocytes was given by the i.v. route, the optimal DTH response was induced by a low dose of antigen. An increase in the dose of antigen induces a decrease in the DTH response (11) . In C57BL/6 mice infected with 106 C5TS, the dose response to sheep erythrocytes was different. An increase in the immunizing dose increased the DTH response (Table 4 ).
DISCUSSION
Results of previous studies have shown that infection with S. typhimurium C5TS induces an impairment of splenocyte proliferative responses to B and T mitogens and of interleukin 2 production in C57BL/6 mice (3). The results reported here indicate that C5TS infection also induces a depression of an in vivo immune response, i.e., the DTH response to sheep erythrocytes.
Depression of the DTH response to sheep erythrocytes appears to be genetically controlled. Mice that carried the ItyS allele exhibited a strong depression of the DTH response. No depression of the DTH response to sheep erythrocytes has been found in infected DBA/2 and C3H/HeJ mice that are Ityr but that carry other genes that increase their susceptibility to S. typhimurium (19, 21) . Depression of the DTH response to sheep erythocytes was also present in infected mice that carried the H-2b haplotype. This haplotype has been shown to be associated with a low rate of clearance of C5TS from the spleen (C. Nauciel, E. Ronco, M. Pla, and J.-L. Guenet, submitted for publication) and with an increased susceptibility of mice of the C57BL/10 background to a strain of S. typhimurium of low virulence (6) . The longer duration of depression of the DTH response in infected C57BL/6 mice may be related to the fact that this mouse strain carries both the ItyS gene and the H-2b haplotype. The moderate depression of the DTH response in infected AXB-17 mice suggests that additional genes could be involved.
The relationship between immunodepression and genes that are known to increase susceptibility to S. typhimurium infection remains to be determined. Immunodepression in susceptible mice is not merely related to the heavier colonization of the organs. Although some Ity' strains (C57BL/6 and AXB-6) exhibited high spleen counts, other Itys strains (BALB/c, AXB-1, and BXA-6) did not harbor more bacteria than Ityr mice. The induction of depression of the DTH response to sheep erythrocytes in mice with similar spleen counts thus depends on the mouse genotype. In other reports it has been shown that in S. typhimurium infection, genetically susceptible mice develop a depression of the proliferative responses to mitogens (3) and of the DTH response to Salmonella antigens (9, 10), whereas resistant mice are not suppressed. A correlation between susceptibility and immunodepression has also been reported in Trypanosoma cruzi (25) and Leishmania tropica (12, 17) infections. Thus, it seems that susceptible animals are more prone to develop immunodepression during the course of infection.
It is generally assumed that immunodepression increases susceptibility to infectious agents. However, in previous studies it has been shown that C57BL/6 mice infected with C5TS develop within a few days an increased resistance to reinfection with S. typhimurium or Listeria monocytogenes (16) . Immunodepression and increased resistance to infection may thus occur at the same time in infected animals. Similar findings have been made in mice of the C3H lineage infected with S. typhimurium SL3235 (9, 13) . This paradoxical situation may be explained by macrophage activation (8, 13) . It has been shown during the course of rickettsial infection that activated macrophages can display simultaneously an increase in their bactericidal and tumoricidal activities and a suppressive effect on the proliferation of lymphocytes (8) . A suppressive effect of macrophages on the proliferative response to mitogens has been observed during S. typhimurium infection (3, 13) . The dose response to sheep erythrocytes in C57BL/6 mice also suggests that activated macrophages play a role in the suppression of the DTH response induced by S. typhimurium infection. A similar restoration of the DTH response to sheep erythrocytes by increasing the immunizing dose has been reported in mice infected with Plasmodium spp. (15) and Mycobacteria spp. (22) . This phenomenon has been ascribed to excess antigen catabolism or defective antigen presentation by macrophages from infected animals (15, 22) . It is interesting that there is evidence that the Ity gene controls the interaction between macrophages and S. typhimurium (4, 14, 26) . This raises the possibility that the functional changes induced by S. typhimurium infection differ in macrophages from Itys and Ityr mice.
